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This chapter focuses on practical implications of embodiment to facilitate learning in 
educational contexts. Starting from a brief historical overview of the scientific debate of action-
perception that forms the genesis of embodiment, the chapter progresses to later influential 
theories. Contemporary trends are discussed in light of theories of embodied cognition, 
emphasising the importance of body movements in shaping higher-order cognitive processing 
and how embodied cognitive neuroscience links the brain, the body and the broader 
environment. In reviewing the literature, empirical studies with movements are explored in 
relation to their type of embodiment (e.g., gestures, simulation, whole-body movements, 




learning domain (e.g., language, science). Lastly, embodiment is linked with interoception (i.e., 
understanding of our body and its needs), to help explain individual and developmental 




In this chapter, we describe how embodiment has been used as a pedagogical tool to enhance 
learning. Starting from a brief historical overview of the philosophical and later scientific 
debate on action-perception, we unfold the role of embodiment in educational settings. Then 
we highlight existing theoretical frameworks, as well as empirical studies in gestures, fine-
motor and gross-motor movements. Lastly, we lay the foundation for connecting the 
physiological mechanism of interoception to our cognitive functions.  
A succinct context of the role of body throughout history  
Although the leading point of view nowadays is an interacting body-brain system, this idea has 
been debated throughout history. Greek philosophers (e.g., Epicurus, Hippocrates, Socrates) 
advocated towards psychophysical monism, in which the body and the soul or mind were 
considered united and dependent upon each other (Bunge, 2014). Plato’s disciple, Aristotle (De 
Anima, trans. 2015) believed that asking whether the body and the soul are one is “as 
meaningless as to ask whether the wax and the shape given to it by the stamp are one” (e.g., 
Hardie, 1964). Similar tenets are expressed in the prayer to Gods by the Roman poet Juvenal 
(The Satires, trans. 1991) “mens sana in corpore sano” to grant human a sound mind in a sound 
body, and by Marcus Tullius Cicero (On Old Age, trans. 1988), “it is exercise alone that 
supports the spirits and keeps the mind in vigor”. 
The seminal approach for contemporary education was adopted with René Descartes’ 
interactionist dualism, in which the rational soul was autonomous, immaterial and immortal 
(Bunge, 2014). This was contradicted by Pierre Gassendi, who stated that our mind is 
immaterial, but our ideas exist of things we know by faith and by reason (LoLordo, 2005). The 
main conceptual differences of Descartes and Gassendi can be highlighted in Descartes’ 
“cogito ergo sum” (i.e., I think, therefore, I am) versus Gassendi’s “ambulo ergo sum” (i.e., I 
walk, therefore, I am). Descartes emphasised the inner mind as our base for existence, whereas 
Gassendi on moving around in the external world as a base for our existence (Lennon, 2014). 
The debate of whether the mind and body are separate entities or part of a unified system 
continued (Powell, 1990). Thomas Hobbes saw it as an indispensable part of the brain, while 
Baruch Spinoza recognised the importance of the extended substance and thinking as basic 
elements of human interaction (Bunge, 2014). For John Locke, the body-mind dichotomy was 




blank slate). Thus, it was solely created by us, referring to “physical” or “mental” as a function 
of how things work, behave and operate (Kim, 2008).  
Finally, Immanuel Kant argued that the interaction between the mind’s intrinsic 
features and the world’s extrinsic stimuli shape the consciousness, the self (e.g., “I think”), and 
spatiotemporal continuity (Northoff, 2012). In line with this idea, Charles Darwin considered 
the mind as a function of the body (Bunge, 2014). James, as an advocate of the Functional 
School of Psychology, suggested that “without the bodily states following on the perception, 
the latter would be purely cognitive in form, pale, colorless, destitute of emotional warmth” 
(Golightly, 1953). 
Modern theoretical perspectives 
Primary theories of learning were based on Aristotle’s principle of contiguity (i.e., making 
associations or connections between events, objects, or sensations occurring simultaneously or 
in close temporal distance (Sheffield, 1951). Pavlov’s classical conditioning offered 
explanations for a stimulus-response process during learning (Konorksi, 1984), whereas radical 
behaviourism, by Watson, completely differentiated behaviour from mental causes (Fodor, 
1981). In Skinner’s (1965) operant conditioning, behaviour is not made of automatic or 
unintentional responses to environmental processes, but is rather voluntary, conscious and 
intentional. Lastly, logical behaviourism allowed behavioural effects to be attributed to mental 
causes as interpretation of psychological explanations (Fodor, 1981).  
Moving slowly away from the dualistic view towards a unitary mind-body view, 
modern developmental psychologists included the body and its sensorimotor processes for the 
development of mind. These primary conceptualisations were used as a repository of 
knowledge for shaping today’s education and teaching methods. As suggested by Kant shaping 
the contemporary idea of grounded cognition, perception consists of modal representations 
(e.g., perception and action), and imagery (Barsalou, 2008). 
Jean Piaget stressed the role of sensorimotor engagement and physical interactions with 
the world (i.e., “acting upon objects”, “reflective abstraction”) in children’s perception, 
cognition and behaviour (Piaget, 1968). The external environment was crucial offering discrete 
learning experiences, conveyed to children through play (Piaget, 1964). The significance of 
movements, as part of sociocultural and sociohistorical context of learning and development 
in children, was expressed by Lev Vygotsky, a contemporary of Piaget (“make-believe play” 
and imagination; 1967), with conceptual overlaps as well as differences in their theories 
existing due to their cultural backgrounds (Soviet Union reflected socially-oriented and 
Switzerland/France personal-oriented influences respectively). Vygotsky believed that the 
external environment stimuli, mainly the social, historical, cultural and physical experiences, 




(1975), adopted an amodal view on language learning, involving an abstract innate process of 
the mind expressed by symbols, without any involvement of the body in it. 
Nevertheless, dualistic theories have been well eradicated in the modern educational 
system, in which the human body is rather sedentary holding no influential role in cognition. 
An innovative and alternative approach was proposed within the theoretical framework of 
embodied or grounded cognition, influenced by Piaget, emphasising the role of action for 
understanding and information processing (Shapiro, 2014). In embodied cognition, cognition 
is grounded on sensorimotor interactions with the world (Barsalou, 2008).  
The close relationship between action, perception and cognition is originated when 
launching the term “affordances”. Firstly introduced by Gibson (1979) after restructuring the 
“demand character of an object” defined in the “Principles of Gestalt Psychology” (Koffka, 
2013), affordances were used to describe the movement-related properties or the different 
environmental interactions between objects and their related sensorimotor capacities 
(Garbarini & Adenzato, 2004; Gibson, 2014). When children get acquainted with conventional 
objects and their uses, their behaviour is shaped to the affordances of these objects. 
Gibson’s central point was the explicit denial of the dualism between physical and 
mental processes. This tenet is in complete contradiction with the Cartesian dichotomy between 
action and perception. As pointed out by Thelen (2004, p.49), the “foundations of complex 
human thought and behaviour have their origins in action and are always embedded in a history 
of acting”. Cognition is now perceived as the interaction between the body and mind, action 
and perception, rational and sensorimotor representations (Garbarini & Adenzato, 2004). For 
instance, it was explored whether abstract concepts could be translated into tangible physical 
concepts through body metaphors (Lakoff & Johnson, 1980). Varela and colleagues (2016) 
attempted to operationalise the concept of embodied cognition as dependant on body 
interactions and sensorimotor experiences, embedded in the biological, cultural, and 
psychological context.  
Wilson (2002) advocated that cognition is situated, occurring in task-relevant inputs 
and outputs during real time. It also relies on and manipulates the external environment, 
including bodily states and interactions, to form mental schemas acquired through prior 
learning (i.e., patterns of thoughts, ideas or behaviour that organise information; Barsalou, 
2008; Wilson, 2002). In particular, the human cognitive system can process information that is 
presented in different modalities (e.g., visual, auditory, motor, tactile) to support relevant 
cognitive activities (e.g., memory, language, perception, thought, action, emotion; Barsalou et 
al., 2003). An advantage of multimodal representations (which are chunked together) is that 




imposing lower cognitive demands in the working memory and promoting the flexible use of 
acquired knowledge and skills (i.e., low cognitive load; Paas & Sweller, 2012).  
Grounded/embodied cognition focuses on how external information mediated by the 
body and stored in the long-term memory into enhanced multimodal mental representations, 
facilitates retrieval and reactivation of these representations during recall (Barsalou, 2008). 
Cognition and sensorimotor systems are part of a highly interconnected system of cells in the 
brain which are stimulated from signals of the external world communicated via body organs 
and senses (e.g., eyes, ears, motion; Pulvermüller, 2005, 2013). Hence, the interactions of the 
human body with the physical environment can enhance higher cognitive processes such as 
thinking, learning, and problem-solving (Shapiro & Stolz, 2018). For instance, the “enactment 
effect”, holds that enhanced memory is apparent during subject-performed tasks (i.e., 
performing task-related actions to remember action words/phrases; Zimmer & Cohen, 2001).  
Through re-enactment/simulation, perceptual, motor, and introspective (e.g., mental, 
affective) states acquired during experience and interaction with the body, are converted into 
mental representations. Re-enactment/simulation obtains sensory input, integrates mental 
imagery across the modalities and thus, facilitates conceptual processing and the construction 
of enriched mental representations. Its advantage compared to mental imagery is that, while 
mental imagery is usually conscious, re-enactment/simulation can be unconscious (Barsalou et 
al., 2003). Obtaining and using this knowledge occurs unconsciously and rather effortlessly 
(Paas & Sweller, 2012). 
Complementary to this notion, is the cognitive load theory (CLT), focusing on the 
human cognitive architecture, and particularly its working memory limitations (Sweller, 1988; 
Sweller et al., 2019). The main aim of CLT is to optimising learning processes by reducing 
ineffective use of limited working memory resources, i.e., extraneous cognitive load (Paas & 
Van Gog, 2006). For example, when making gestures to describe an object, information about 
its size, and content, is presented simultaneously through different modalities. This manner of 
information presentation saves the learner (both speaker and listener) temporal and content 
capacity (combining speech and gestures chunks the size and the object into one element) of 
the limited working memory system.  
In explaining the beneficial opportunities of movements for learning, CLT researchers 
have incorporated the distinction of Geary (2008) between biologically primary and secondary 
knowledge (Paas & Sweller, 2012): Biologically primary knowledge is information humans 
have evolved to learn, and do not need (much) working memory capacity to process, whereas 
biologically secondary knowledge needs to be learned explicitly occupying more working 
memory resources. Paas and Sweller (2012) proposed that information we have evolved to 




(e.g., mathematics, foreign language). Producing gestures during learning may assist internal 
cognitive processes by extending the limited working memory capacity from solely internal 
thoughts to the external world by using the hands (Pouw et al., 2014). Madan and Singhal 
(2012) suggested that enactment, gestures and exercise may act as simulated actions affecting 
memory encoding and retrieval. 
Emerging evidence in educational technology revealed positive effects of gestures on 
learning using human computer interaction interfaces (Agostinho et al., 2016; Vuletic et al., 
2019). The effectiveness of producing but also observing gestures on learning can be further 
supported by the putative mirror neuron system hypothesis (Rizzolatti & Craighero, 2004): 
performing or observing an action, can activate the same neurons in the motor cortex of the 
brain, responsible for the execution of these actions (Chong et al., 2008). For instance, Grèzes 
and Decety (2002) argued that the thought of manageable objects may also result in a partial 
activation of the motor areas involved in the actual use of these objects. A recent meta-analysis 
using electroencephalogram confirmed the mirror neuron hypothesis, finding electrical brain 
activity during the production and observation of actions, and supporting a common neural 
code for perceptual and motor processes (Fox et al., 2016). 
Lastly, embodied cognition research expanded to include gross-motor movements (i.e., 
physical activity) and their effect on cognition (e.g., executive function). Pesce and Ben-
Soussan (2016) posit that cognitive and motor training combined may build upon complex 
sensorimotor learning processes that rely on the prefrontal cortex substrate responsible for 
cognitive control, enhancing the capability to manage the allocation of attentional resources. 
Skills acquisition achieved via training as a learning process, may be the underpinning 
mechanism for both motor and cognitive development, apparent in exercise, sports, and 
performance arts (Tomporowski & Pesce, 2019). 
The qualitative characteristics of physical activity (e.g., task novelty/complexity, 
selection of suitable mental strategies, rhythm) may act as brain stimulators during combined 
motor and cognitive training or cognitively engaging physical activity (Diamond & Ling, 2016; 
Pesce, 2012). Hence, the integration of physical and cognitive training has been proposed as 
an approach to boost brain and cognitive health (Moreau & Tomporowski, 2016; Pesce, 2012). 
The use of complex motor activities is encouraged to promote changes in cognition and 
associated outcomes including improved physiological (e.g., neuroplasticity, synaptogenesis) 
and psychological (e.g., self-esteem, stress reduction) markers (Moreau & Tomporowski, 
2016). Apart from the biophysiological changes elicited in the brain by exercise (see for 
reviews Tomporowski, 2003; Tomporowski et al., 2008), Best (2010) suggested additional 
neural connection of brain stimulation pathways coming from the coordinative and cognitive 




A recent review categorised studies using movements (e.g., physical activity or 
gestures) on cognition and learning, based on their level of embodiment (i.e., relevance to 
cognitive/learning task) and integration (i.e., temporal connection with cognitive/learning task; 
Mavilidi et al., 2018c). Similarly, Skulmowski and Rey (2018) categorised studies according 
to their level of bodily engagement (i.e., amount of bodily activity involved) and task 
integration (i.e., relevance with learning task). Both reviews concluded that a blended approach 
involving task-relevant and integrated physical and learning tasks may show the most 
pronounced effects in learning performance. 
Empirical evidence 
Synthesising existing empirical evidence on embodied cognition in education, we 
distinguished three main categories of motor actions: gestures, whole-body movements (actual 
or simulated manipulation of objects involving whole-body postural control), and physical 
activity. 
Gestures include more subtle movements focusing on the area near the hands. An attentional 
advantage of gestures (i.e., stimuli near the hands) was found on improving spatial attention 
(Reed et al., 2006), visual working memory (Cosman & Vecera, 2010; Tseng & Bridgeman, 
2011), and executive functioning (Weidler & Abrams, 2014). The bimodal (visual-
proprioceptive) representation of stimuli near the hand recruit additional neural substrates 
compared to stimuli outside of the peripersonal space (Cosman & Vecera, 2010; Reed et al., 
2006). The beneficial role of gestures has been attested during complex learning, when working 
memory is challenged, such as reading comprehension (Hostetter, 2011), learning of abstract 
concepts (Malinverni & Pares, 2014), second language acquisition (Sweller et al., 2020) and 
mathematics (Macedonia, 2019).  
For example, using a dual-task paradigm for cognitive load measurement (see review 
of Brunken et al., 2003), gesturing was found to be more frequent during a mental rotation, 
difficult or novel task (Chu & Kita, 2011). However, the frequency of gesturing declined when 
the task became more practiced. Also, children 10-24 months heavily relied on gestures during 
learning of two-word phrases, but gestures became less apparent when they were able to 
verbally communicate (Iverson & Golding-Meadow, 2005).  
Cook et al., (2008) asked third and fourth grade children to copy the instructor’s hand 
movements showing the process of solving an equation (verbal condition), repeat the 
instructor’s words (speech condition), or to copy instructor’s words and gestures (gesture + 
speech condition), for solving the same equation problem. No differences were found when 
tested immediately. After four weeks, higher effects on learning and retention were shown in 




Gestures are commonly used to describe visual objects from memory, or objects 
difficult to remember or encode verbally (i.e., codable vs non-codable objects; Morsella & 
Krauss, 2004). Interestingly, gesturing may be integral to the speaking process, regardless of 
the model or observer. Iverson and Goldin-Meadow (1998) compared gesturing of congenitally 
blind with sighted children and adolescents. Blind speakers gestured at comparable rate with 
sighted speakers. Moreover, to test whether blind speakers gestured because they knew that 
gestures may help listeners’ understanding of meaning, blind children were asked to contribute 
to the same reasoning task as before, but corresponding it to a blind listener. No significant 
differences in the number of gestures and words produced was shown between the blind 
speakers addressing to blind listeners when they were compared with a subset of blind speakers 
from the previous sample matched for level of performance (blind with sighted vs., sighted 
with sighted vs., blind with blind).  
Lastly, pointing and tracing benefited learning: primary school students who were able 
to trace with their index finger on tablet-based worked out examples related to mathematical 
problem-solving (i.e., temperature graphs), had higher scores on transfer learning compared to 
the students in the non-tracing condition (who were only looking; Agostinho et al., 2015). 
Lajevardi & colleagues (2017) examined the effects of mimicking gestures on learning foreign 
language characters from animations and static graphics. University students were randomly 
assigned to four conditions: animation without gestures, animation with gestures, statics 
without gestures, or static without gestures. In the gesturing conditions, participants had to 
mimic gestures simultaneously shown via an instructional video on how to write Mandarin 
characters, whereas mimicking was not allowed in the non-gesturing conditions. Results 
demonstrated significant intervention effects benefiting gesturing in the static graphics but not 
for the animation (movement was already present, thus unnecessary). A second experiment in 
children aged 6-8 years showed that gesturing was beneficial when learning to write Persian 
characters from animations was superior over static graphics. 
Finally, pointing enhanced memory processes in younger and older adults, when they 
pointed at picture locations on a touch screen (Ouwehand et al., 2015a). In the pointing group, 
memory was superior compared to those who only visually observed picture locations. It is 
suggested that pointing towards locations could help chunk the picture (content) and the 
location (context) into an integrated memory. 
Whole-body movements: Other forms of bodily actions (i.e., fine-motor movements located in 
the hands and/or legs) semantically connected with the learning targets have been considered 
in embodied cognition (see for reviews Gallagher & Lindgren, 2015; Hutto et al., 2015). 
Similar to gestures, whole-body movements can extend inner cognitive processes and make 




enactment studies belong in this category. For example, actual and imagined manipulation of 
toy objects related to a story in a text enhanced children’s reading comprehension, and in 
particular facilitation of the derivation of the meaning (Glenberg, 2017; Glenberg et al., 2004). 
Macedonia and Klimesch (2014) found that body actions linked to semantics of words 
from an artificial language facilitated learning. For example, for the word “seal”, the 
experimenter simulated balancing a ball on her nose, and for “monkey”, she raised her right 
knee and hand pretending a monkey climbing on a tree. University students were assessed at 
cued-recall (at five time points) over a period of 14 months. Results revealed better and longer-
lasting learning of vocabulary words in the condition that included movements compared to 
the condition in which participants only repeated the words aloud. 
Cutica et al., (2014) conducted two experiments to investigate the effects of enactment 
on learning from scientific texts (i.e., circulatory system and the pulling force) in primary 
school children. In Experiment 1, children were assessed at a recall test. It was found that 
students who were allowed to enact the information from the text had more correct 
recollections and discourse-based inferences, and errors than children who were not allowed 
to enact. In Experiment 2, children were assessed at a recognition test, showing that children 
who enacted the learning content, were more likely to accept paraphrases, or accept wrong 
sentences than children who did not enact. Overall, it was concluded that representing concepts 
through enactment during the learning phase can contribute to the construction of an articulated 
mental model of the text. 
Furthermore, engaging primary school students in cooperative movement learning, 
shaping forming geometrical shapes with their bodies, facilitated learning of angles in a 
geometry class (Shoval, 2011). Similarly, Fisher and colleagues (2011) asked children 5-6 
years to perform a magnitude comparison task either moving across a spatial number line on a 
dance mat or on a table PC. Children in the dance mat condition showed a larger improvement 
on the number line estimation task than the tablet PC condition. 
Whole-body simulation can also have a more powerful effect on learning than two-
dimensional simulation (i.e. desktop simulation): Lindgren and Moshell (2011) engaged 
middle school students using a prototype mixed reality simulation controlled by body 
movements (e.g., putting an asteroid in a trajectory around a nearby planet), and a desktop 
simulation condition to learn about science. It was found that students were able to create more 
dynamic mental models and better capture the scientific concepts in the whole-body simulation 
compared to the desktop simulation condition.   
Johnson-Glenberg et al. (2014) looked at chemistry titration and disease transmission 
in high-school students who had to physically move trackable objects over the head or received 




were observed for high-embodiment instructions than regular classroom instruction. The same 
authors examined the level of embodiment (low vs. high) with the learning platform (mixed 
reality simulator vs. interactive whiteboard vs. mouse-driven computer desktop) for learning 
physics (i.e., centripetal force) in first-year Psychology students (Johnson-Glenberg et al., 
2016). Significant learning gains at follow up (one week after the instruction) but not at 
immediate post-test were apparent in the high embodiment conditions, regardless of the 
learning platform. Whole-body movements can enhance and sustain learning. Nevertheless, 
the vast majority of research assessed learning outcomes without controlling for affective 
responses (i.e., children’s enjoyment).  
Physical activity includes gross-motor movements that produce energy expenditure above a 
basal level (Centers for Disease Control & Prevention, 2020).  
A body of research has focused on physically active lessons or active breaks embedded in 
academic time to improve executive functioning and academic achievement (see for reviews 
Norris et al., 2019; Watson et al., 2017). This research consists of studies examining the acute 
effects of physical activity through single sessions, and/or the chronic effects of physical 
activity observed after multiple sessions.  
Regarding acute effects, exergame-based physical activity found positive effects on 
adolescents’ executive functions (inhibition and cognitive flexibility; Benzing et al., 2016). 
The physical activity condition with high levels of cognitive engagement had the highest scores 
in cognitive flexibility but no differences were found in inhibition, when participants were 
assigned to physical activity and high levels of cognitive engagement during active video 
gaming, physical activity with low levels of cognitive engagement during active video gaming, 
or passive video watching with low levels of cognitive engagement.  
Schmidt and colleagues (2016) examined the effects of 10-min of cognitively engaging 
physical activity breaks on primary school children’s attentional performance: Children were 
assigned to a combination (physical activity with high cognitive demands), cognition 
(sedentary with high cognitive demands), physical (physical activity with low cognitive 
demands), or control (sedentary with low cognitive demands) groups. Results revealed that 
cognitive engagement was an important factor to improve children’s focused attention and 
processing speed.  
Regarding the chronic effects of physical activity, a two-week intervention of integrated 
physical activity enhanced primary school children’s foreign vocabulary learning and but not 
focused attention (Schmidt et al., 2019). Children were assigned to an embodied learning (task-
relevant physical activities), physical activity (task-irrelevant), or a control (sedentary) 




by the physical activity, and lastly control conditions. Interestingly, attentional performance 
test did not differ across the conditions.  
Physically active lessons conducted three times per week for 40 min in third and fourth-
grade children improved spelling scores after four weeks (Mavilidi et al., 2018a), and grammar 
and punctuation scores after six weeks (Mavilidi et al., 2020). Moreover, math performance in 
fourth and fifth-grade students was improved after an eight-week intervention integrating 
physical activity with math (Vazou & Skrade, 2017).  
Lastly, learning gains were also found in preschool children after integrating physical 
activity in several learning domains (Mavilidi et al., 2019): Children’s learning of foreign 
language words was the highest after four weeks of task-relevant physical activities compared 
to a gesturing, control (Mavilidi et al., 2015; Toumpaniari et al., 2015), or task-irrelevant 
physical activity conditions (Mavilidi et al., 2015).  
Furthermore, task-relevant physical activities improved preschool children’s learning 
more than task-irrelevant physical activity and sedentary control conditions, immediately and 
follow up tests on geography (i.e., learning of continents and characteristic animals living in 
each; Mavilidi et al., 2016), and science (i.e., learning of planets and order based on their 
distance from the sun; Mavilidi et al., 2017). Lastly, the task-relevant physical activity group 
had the highest performance on numeracy skills (i.e., counting, number line estimation, 
numerical magnitude comparison and identification) at immediate post-test and four weeks 
after the end of the intervention in comparison with a task-irrelevant physical activity, with 
observing physical activity (but not allowed to perform), and control conditions (Mavilidi et 
al., 2018b). 
Do movements always enhance learning? 
Despite the impressive evidence for the beneficial effects of bodily movements on learning and 
memory, null, mixed results or reversed effects are not uncommon: Whether movements are 
effective for learning may rely on all kinds of factors (e.g., characteristics of the learning task, 
learner, and implementation and types of the movement; timing, observing and or producing 
movements). Thus, the content and context of the movement and learning components may 
play a significant role.  
The first mechanism explaining mixed findings is the strength of the link between the 
learning goal and the movements. A meta-analysis of Höffler and Leutner (2007) showed that 
learning from animations (including observation of movements and gestures) is especially 
effective when the learning task has a motoric/procedural character (i.e. origami). In this case, 
the link between task and movement is obviously present. For more complex/abstract learning 
tasks, more mixed results are found. For example, Post et al. (2013) found that for children 




gestures) during learning about a grammar rule had adverse effects on learning, while it had no 
effect on children with high language abilities. Similar results were observed in adults (Pouw 
et al., 2016). 
Interestingly, a recent meta-analysis of Davis (2018) showed that the effectiveness of 
an animated agent depends on the humanoid features of the agent (i.e. more humanoid features 
of the agent seems to have positive effects on the effects of the movements on learning). For 
movements to be effective, the type of movement may need to match the type of task (i.e., 
simply pointing at numbers in the problem-solving task did not affect learning; Ouwehand et 
al., 2015b). Producing movements that are in some way representative for the content or 
elements of the learning task are the most promising for learning.  
In addition, careful consideration is needed for the timing of the movements (e.g., not 
allowing learners imitate immediately/during instruction), which may be affecting memory 
(long-term consolidation): the mental processes (e.g., decision making, problem-solving) 
involved in dual tasking demands performed simultaneously, may offer benefits or impede 
declarative memory (i.e., semantic, for example recall of facts/events) during the physical and 
mental challenge (Tomporowski & Qazi, 2020). Importantly, its effectiveness seems to be 
largely dependent on timing of memory testing. Although memory testing immediately or soon 
after encoding may offer null or adverse learning gains, learning gains for consolidation in the 
long-term memory may arise if memory tests are administered on or after 24 hours of exercise 
(Tomporowski & Qazi, 2020). 
Lastly, the physical task complexity needs to be considered in relation with the 
complexity of the learning task. Kamijo et al. (2007) manipulated the physical task complexity 
(i.e., light, moderate, and hard cycling) during the execution of Erikson Flanker task in adult 
participants. Results revealed that cognitive function (i.e., P3 latency) is susceptible to motor 
task difficulty during a cognitive task, with improvements found during light and moderate, 
but not during hard cycling.  
Embodied cognition and interoception 
In the last part of this chapter, we refer to the process of interoception as a mechanism in which 
bodily movements can support learning. Theories of cognition advocate that information is 
placed in a semantic memory system linked with the brain’s modal systems for action (e.g., 
proprioception, movement), perception (vision, audition), and introspection (e.g., affect and 
mental states (Barsalou, 2003). At the same time, we receive signals from our body notifying 
us about our internal and external (i.e., physical and physiological) conditions (Herbert & 
Pollatos, 2012). The term “interoception” was initially introduced to describe visceral sensation 
(Craig, 2002). This was later extended to include the sense of the internal physiological 




proprioception (feelings from skin and musculoskeletal organs) and visceroception (feelings 
from internal organs such as heart; Herbert & Pollatos, 2012).  
Interoceptive concepts of emotions entailed perceptions of body changes (James, 
1894). Seth (2013) suggested that emotions can be considered as cognitive evaluations of 
physiological changes. It is believed that acknowledging the explicit cognitions and beliefs of 
what has caused the physiological changes to occur, can impact the subjective feeling states 
and emotional behaviour (Gendron & Feldman Barrett, 2009). For instance, injecting 
adrenaline can cause physiological arousal and in turn psychological arousal (i.e., anger or 
elation varying on the context; Schachter & Singer, 1962).  
Damasio (1996) attempted to connect interoception and cognitive function, advocating 
the existence of somatic markers in the prefrontal cortex. The homeostatic control of the 
internal bodily state may be related to mental processes and their neural substrates, with 
interoceptive pathways influencing perception, cognition, emotion and behavior (Critchley & 
Harrison, 2013) as well as motivation, social cognition, and self-awareness (Tsakiris & 
Critsley, 2016). As such, embodied self-awareness is believed to be grounded on the neural 
monitoring and representation of afferent body signals. This assumption led to the generation 
of the sense of the physical “I” (i.e., how we perceive and respond to our body signals), guiding 
executive function (such as goal-directed cognitive processing, behavioural and decision-
making; Babo-Rebelo et al., 2016; Craig, 2002). Importantly, the role of individual differences 
is fundamental (Tsakiris & Critsley, 2016). 
Apart from the physiological parameters, selfhood entails the experience of identifying 
and owning with a particular body, and metacognitive aspects of subjective “I” (such as linking 
of episodic memories of “I” over time; Metzinger, 2004; Northoff & Bermpohl, 2004). 
Specifically, the “anterior insular cortex” area in the brain, responsible for emotional feelings, 
is able to monitor physiological changes, as well as integrate interoceptive representations 
linked with visceral control, conscious and emotional awareness of the selfhood (Seth, 2013).  
For example, evidence of the basis of bodily self-identification can be seen when 
connecting vision, touch and proprioception during an illusion (Botvinick & Cohen, 1998). 
Participants thought the artificial hand as their own, when it was presented simultaneously with 
their real hand, while they were asked to focus their visual attention on the artificial limb. 
Similar effects were observed during face recognition when participants were asked to touch 
the partner’s face who were simultaneously viewing (Sforza et al., 2010). Finally, virtual reality 
can create the illusion of mislocalising participants’ bodies toward a virtual body presented in 
front of them (Lenggenhager et al., 2007). 
Expanding this area of research to include interoception, Perakakis and colleagues 




responses to afferent cardiac signals. Different neural processing of afferent cardiac activity 
observed in physically active compared to sedentary individuals are attributed to the enhanced 
interoceptive sensitivity and in turn improved sustained attention of triathletes. This research 
emphasises the importance of neural monitoring of visceral signals in cognitive function (i.e., 
perceptual processing) and generation of sense of “self”. Cognitive fatigue may contribute to 
different predictions in regard to the expected sensory consequences during exercise 
(McMorris, in press). 
In addition, worse detection and subsequent memory of words were apparent in 
individuals during systole compared to diastole (Garfinkel et al., 2013). These deteriorated 
memory effects were evident in individuals with low interoceptive sensitivity (measured by 
heartbeat counting task), and for words which have been detected less confidently. The authors 
concluded that metacognition (i.e., perceptual confidence) and interoceptive sensitivity may 
mediate the relationship between cardiovascular arousal and cognitive function.  
Similarly, young adults with good or poor perception of the heart activity were shown 
positive, negative, or neutral words (ranked with high, low, or middle valence/pleasantness 
while measuring heart rate and skin conductance (Werner et al., 2010). Participants’ implicit 
memory during encoding was assessed. Findings revealed that participants with good cardiac 
perception significantly completed more words of positive and negative words previously 
presented whereas no differences were found between physiological measures and neutral 
words.  
Finally, Matthias et al., (2009) investigated whether interoceptive awareness is linked 
with attentional performance. Based on the heartbeat perception task, female participants were 
categorised into having high or poor interoceptive awareness. After being assessed in the 
selective and divided attention, it was demonstrated that the heartbeat perception scores 
significantly differed among participants with high and poor interoceptive awareness. 
Importantly, good heartbeat perceivers performed better in both selective and divided attention 
tasks. 
Conclusions 
The purpose of this chapter was to highlight how embodiment can be effectively used in 
education, providing existing evidence on the positive effects of movements on learning. Our 
goal is not to dispute the traditional teaching methods that render a predominant sedentary 
approach exclusively using the mind. Instead, we suggest an alternative instructional approach, 
advocating towards a central role of the body in cognition. Our chapter explored theories and 
empirical in gestures, fine-motor and gross-motor movements. Lastly, we attempted to unveil 
how the physiological mechanisms of interoception respond to our cognitive function. Our 




Going “back to the future”, we are entitled to reject the Cartesian dichotomy of body 
and mind and accept the Greek and Roman ancestors’ views of a united body and mind. 
Nevertheless, despite opportunities that movements can be applied to learning, their 
effectiveness is not always guaranteed and can be limited in the contextual circumstances.  
During motor and cognitive development, possibilities for action are created and 
constrained by the body and the environment. Adolph and Hoch (2019) pinpointed that motor 
development is embodied (depending on the different bodily states), embedded (depending on 
the external environment), and enculturated (depending on social, historical and cultural cues;). 
Through this way, it has the potential to instigate cognitive development.  
An embodiment-based education (e.g., gestures, enactment, simulation, or physical 
activity) can be applied in diverse settings (e.g., preschool, primary school, University) and 
learning domains (e.g., language, science, mathematics; Mavilidi et al., 2018c; Mavilidi et al., 
2019). Embodiment effects, as a form of action experience, seem prevalent throughout 
childhood and adulthood (Kontra et al., 2012). Neuroscientific evidence could be used as a 
support tool, offering guidance in education, unfolding how brain patterns function during 
cognitive processing (e.g., language and mathematical thinking; Macedonia, 2019). 
Promoting hands-on opportunities in an active learning environment is also 
recommended to contribute to holistic and conclusive learning across the life span. Diamond 
(2010, p.1) notes: “for the best academic outcomes, we should not narrowly focus on academics 
but to also address children’s social, emotional, and physical development”. Movement 
integration opens new pathways as a pedagogical strategy and a method of transferable abilities 
that foster academic performance (Madsen & Aggerholm, 2020). In fact, as proposed in the 
taxonomy of transfer of learning by Barnett and Ceci (2002), transfer is not only a matter of 
content, but also of context (e.g., physical, social, functional, temporal context).  
Movement integration including physical activity has been successfully implemented 
in school settings (Vazou et al., 2020), and is believed to lead to higher cognitive and learning 
outcomes than mere aerobic exercise interventions or regular practices of teaching in the 
classrooms (Vazou et al., 2019). Task diversity and novelty, effort, and mental engagement 
may be the underpinning mechanisms that can transform physical activity into meaningful 
learning experiences for cognitive development (Pesce et al., 2019; Tomporowski et al., 2015). 
Finally, a new line of research diverges exercise-cognition with brain-heart 
interactions, to investigate the underlying mechanisms of physical activity and cognition 
leading to brain and cognitive improvement by enhanced embodied awareness (Perakakis et 
al., 2017; Pesce & Ben-Soussan, 2016). Studies including the body-mind interaction such as 
cardiac perception to improve heartbeat awareness or dancing and interoceptive meditation 
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